scans can provide accurate anatomic and physiologic information about the deep venous system without invasive procedures.
The objective of this investigation is to identify and describe the prevalence, anatomic patterns and characteristics of femoral vein duplicity in adult individuals by duplex scan examination.
Methods
This is a cross-sectional study with prospective data collection done between October 2007 and October 2008. A total of 174 individuals were submitted to bilateral duplex-scan examinations of both lower limbs. All patients had their exams indicated due to superficial varicose veins. Individuals with duplex signs of present or previous DVT were excluded from the investigation, as were those with a prior clinical history of DVT: a total of 10 patients. Also, in seven cases, the quality of duplex images was not considered sufficiently reliable for vein measurement, and these individuals were also excluded. The remaining group consisted of 157 individuals (94 females), with a total of 314 limbs studied.
All duplex examinations were performed by a single physician, with certified skills for duplex scan diagnostic procedures, using Logiq 5 or Logiq Book sonographic scanners (GE Healthcare, Milwaukee, WI, USA) or an Acuson X300 sonographic scanner (Acuson, Mountain View, CA, USA). High-frequency (8) (9) (10) (11) (12) MHz) linear transducers were mostly used and convex 5-MHz transducers were applied only when necessary, such as in obese patients or large edematous limbs.
Duplex examination was performed with the patient in a stand-up position. Superficial and deep vein reflux was investigated by Valsalva and/or distal limb compression/ release maneuvers, as suggested by previously published consensus. 12 Vein compressibility, direct thrombus identification, absence of color/spectral signs and the presence of residual thrombi were the criteria used to judge the presence of acute DVT or chronic venous obstruction.
Along with the conventional investigation sequence, the femoral vein was scanned in its whole extension, both in transversal and longitudinal views. The number, extension and diameter of all femoral veins were documented.
Anatomic definitions used for data collection
The femoral vein begins at the adductor canal and extends to the origin of the deep femoral vein, then being defined as the common femoral vein. 1, 2 We considered by definition the main femoral vein as the largest and more extensive vessel, while shorter/thinner veins were defined as accessory femoral veins (AFV). Also, the AFV should have a common origin and end with the femoral vein (or in it) and be situated in contiguity with femoral vessels. The venous diameter was obtained in the stand-up position, in its largest portion, in the transversal view.
Other data
Besides FV information, other variables were collected, such as the presence of popliteal reflux or duplication and greater saphenous vein (GSV) diameter and reflux. Epidemiologic and morphologic data were also collected: age, sex, ethnicity, weight (kg) and height (m).
Statistics
Student's tand Pearson correlation tests were used to investigate the relationship between vein diameters and other variables. Analysis of variance was used to compare multiple quantitative variables, with the Bonferroni posthoc test as a complement. The chi-squared test was used to identify the association between descriptive variables. A p-value < 0.05 was considered statistically significant.
Results
The 157 patients evaluated had a mean age of 47.3 ± 13.2 years. A total of 115 patients (73.2%) presented duplicated FV in at least one limb, and 58 (36.9%) had bilateral duplication.
Out of the 314 limbs studied, 173 (55.1%) had some form of duplicated FV. We observed the three most common patterns of duplication: complete duplication, when both FVs extend from the popliteal to the common femoral vein; distal duplication, when the accessory FV drains to the FV in the mid-thigh; and proximal duplication, when the accessory FV has its origin from the FV in the midthigh and drains to the junction with the deep femoral vein (Figures 1 and 2 ). We arbitrarily classified these duplication patterns as types I, II and III, respectively. Another two limbs presented singular and complex forms of duplicity that could not be classified in such major groups. Duplication in the whole femoral extension was noted in 82 (26.1%) limbs, and out of these 28 (8.9% of the overall total) had accessory veins with a diameter approximate to (at least 75%) the main FV. Partial (distal or proximal) duplications were seen in 89 (28.3%) limbs.
The main femoral vein mean diameter was 0.97 ± 0.18 cm, while accessory FVs had values of 0.50 ± 0.17 cm. Despite duplication occurring frequently, only 42 accessory veins (24.2%) showed a similar diameter (at least 75%) to the main FV. A third FV was present in 28 limbs (8.9%), usually with a partial extension in comparison with the main FV.
Popliteal vein duplicity was found in seven limbs (2.2%). In six cases, these duplications extended to the FVs. Three were related to distal FV duplicity and three with complete FV duplicity. In one case, the popliteal vein presented a segmental duplication, beginning in the popliteal fossa above the insertion of the posterior tibial and soleal veins, and joining in a single vessel again before the adductor canal. In all cases, popliteal duplicity was unilateral, occurring five times in the right limb.
The main FV presented reflux in 35 limbs (11.1%), and did not show association with the presence of FV duplication (p = 0.66). The prevalence, classification, and mean diameter values of the main and accessory FVs distributed in the different patterns observed are summarized in Table 1 . Seventy-four (47.1%) individuals presented symmetric anatomy of the FVs between the two limbs. The most common situation was a single FV in both limbs, followed by complete FV duplication ( Table 2) .
There was an association between sex and FV size. In male individuals, the mean/SD values for the main FV were 1.04 ± 0.17 cm against 0.92 ± 0.17 cm in females (p < 0.00). For the accessory FV, values were 0.53 ± 0.17 cm and 0.48 ± 0.16 cm for men and women, respectively (p = 0.052). Distribution of anatomic patterns between males and females was slightly different, but without statistical significance ( Table 3) .
We also observed a moderate direct correlation between the main FV diameter and anthropometric measurements. Comparison of FV diameters with patients' height and weight had R-values of 0.433 and 0.423, respectively (p < 0.01 for both) ( Figure 3 ). As expected, the mean diameter of the main femoral vein decreased in the presence of duplications (p < 0.01), but remained stable when a third vein was present (p = 0.66).
No further association or correlation between FV diameter and other variables studied, such as age, ethnic groups, GSV reflux, deep venous reflux or accessory FV diameter were observed. Also, the mean diameter of the accessory FVs could not be associated or correlated with any variables observed. 
Discussion
Autopsies can be considered as a gold standard method for anatomic studies, since they provide clear conditions for venous diameter and extension measurements, as well as proper recognition of anatomic variants. However, it is not a practical method, since it requires detailed and slow dissection work.
Also, as expected, it fails to provide proper hemodynamic information.
Phlebographic studies can show enriched details of the deep venous system, even with some hemodynamic parameters such as reflux, but they are an expensive, invasive method. Phlebograms were widely used for the investigation of venous diseases until recent years, when they were the only option with enough accuracy to provide reliable scientific data. After this period, the advent of color Doppler scans, with their very strong appeal as a non-invasive method, modified the perception of the risk-cost-benefit of phlebograms in general medical investigation. At present, phlebograms of the lower limbs are applied mainly in clinical trials testing new drugs or regimens for DVT prophylaxis or therapy, with such exams eventually being re-used for anatomic studies. 13 The bias in such situations is that the patients evaluated represent a specific group of individuals, generally older and with orthopedic diseases, which may present differences in venous diameters from the majority of the population. Furthermore, phlebographic images do not provide exact values of venous diameter measurement, given that the use of radiopaque rulers is the subject of parallaxis artifacts.
The color Doppler scan presents interesting advantages over other investigational methods. First of all, it can collect information from patients in physiological conditions (i.e. in a standing position) without the necessity of contrast administration or tourniquet use. It provides anatomic details of the FV and eventual accessory FVs, and their origin, end and anastomotic points. The venous diameters can be accurately measured, and eventual reflux can be easily confirmed.
We performed the exams in the standing position for many reasons. First, we believe that venous diameter obtained in the standing position reflects in a more accurate form the real vessel diameter. Second, we intended to explore possible relationships between venous diameter and venous reflux, from deep and superficial veins, which are better evaluated in the standing position. Last, duplicated femoral veins with small diameters could have collapsed in a laying position, resulting in their misidentification.
All patients investigated had clinical signs of superficial venous reflux. However, many of those had unilateral disease, providing the opportunity of comparison between symptomatic and asymptomatic limbs. Despite possible influences of reflux over venous diameters, such an association was not found. Limbs with saphenous or deep vein reflux did not present larger FV diameters than limbs without reflux.
We observed very distinct results of venous duplicity in comparison with other reports. 3, 14 In our study, the most common isolated anatomic pattern observed was the presence of a single femoral vein. However, all forms of FV duplicity together were seen in more than half of all limbs; only 28 (8.9%) limbs had fully symmetric duplicated femoral veins. We believe that our investigation may have possible methodological differences from other ones, such as considering all partial duplications and not discarding veins with small diameters, which may have contributed to the discrepancies between our and other studies. There are no clear definitions to differentiate a duplicated femoral vein from large corresponding venae comitantes alongside the femoral vessels. Rather than trying to use subjective classification criteria, we opted to describe our findings in the most detailed way, thus providing information for further investigations and judgment. We also believe that these anatomic definitions should be a matter of discussion in periodic consensuses concerning the venous anatomy of the lower limbs, thus avoiding discrepant results and interpretation from different investigators.
Popliteal vein duplicity was also observed in a minority of limbs, showing a clear relationship with FV duplicity. However, popliteal duplication appears to be less clinically important, once they are very easily identified by a duplex scan, which minimizes the risk of misinterpretation in the suspicion of DVT. Usually, posterior tibial veins or soleal veins presenting a higher insertion in the popliteal vein are a source of confusion, mimicking popliteal duplicity.
The clinical importance of identifying duplicated FVs and their possible impact on DVT diagnosis has been previously pointed out by other authors. Screaton et al. 15 observed that in patients presenting FV duplication, duplex scan misdiagnosis for DVT was higher than in individuals with a single FV. Liu et al. 16 observed a higher prevalence of DVT in individuals with multiple FVs. There were also a higher proportion of asymptomatic DVT patients presenting duplicated veins, which could be explained by the collateral pathways provided by the accessory veins and their natural relief for blood congestion. That author suspected that the higher prevalence of DVT in individuals with multiple FVs could be explained by an increased blood volume in the venous limb pool, resulting in a slower flow rate and a predisposition to thrombosis. A similar theory was also suggested by others, 14 but no effort was made to directly prove such a hypothesis.
A stated relationship between sex, anthropometric characteristics and FV diameter was observed in this study. Previous reports pointed to such impressions, with Mortensen et al. 17 indicating a correlation between FV internal diameter and body surface area. However, they did not find sex variations in FV measurements, differently from our observations. In our investigation, male individuals presented significantly higher values of weight and height than females (data not shown), which suggests that natural anthropometric differences between men and women explain FV diameter variation better than sex itself.
Femoral veins have been widely used as vascular substitutes, especially in delicate situations. Since initial reports, FV has been the first, if not the only, choice of substitute for in situ reconstruction of the aortoiliac tree when prosthetic infection is present. In our observations, 99.0% of the main FVs and 25.4% of the accessory veins presented diameters superior to 6 mm, a suitable value for iliac substitution.
Infrainguinal bypass surgery is another possible application for FV as substitutes when the conventional options are depleted 18 or infection is present. Diameters between 3 mm and 7 mm were observed in 17.2% of the main FVs and 79.1% of the accessory veins. Since these vessels are usually short for complete substitution in infrainguinal bypass procedures, they could be used in combination with saphenous or arm veins to cover the necessary extension. Theoretically, main FV harvesting for use as a substitute would be more tolerated in patients with duplicated systems, as venous flow originating from leg veins would naturally be redirected to accessory femoral veins.
Conclusion
Femoral vein duplication is a common situation, occurring in up to 55% of all limbs. Complete extension duplicated veins with similar diameters was an uncommon condition, noticed in fewer than 10% of limbs. These findings should be considered when duplex examination is performed for femoral DVT diagnosis, or when venous substitutes are required for arterial reconstruction.
